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Effort funded by MSFC 



Design Process Outline 




Turbine Aerodynamic besign Tool Development 

Meanline Code Development and Enhancement 
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- Multi stage / spool 



Turbine Aerodynamic besign Tool bevelopment 

Meanline Description - MLFP 
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Numerical output 



Turbine Aerodynamic besign Tool Development 

Flow Path Generation Approach 
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• Shrouded or unshrouded blades 




Turbine Aerodynamic besign Tool Development 

MLFP Description ~ Input Screen 




Turbine Aerodynamic besign Tool Development 

MLFP Description ~ Sample Numerical Output Screens 
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Turbine Aerodynamic Design Tool Development 

MLFP Description ~ Elevation A Velocity Triangle Output Screens 






Turbine Aerodynamic Design Tool Development 

MLFP Description - Performance Prediction System 
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Leading edge shock 

Freeman/ Cumpsty (Fan correlation) 

Unshrouded blade tip leakage 

Soderberg type correlation ( f{clear flow area / blade flow area} ) 



Turbine Aerodynamic besign Tool Development 

MLFP Prediction System Calibration Status 



E3 <& ATD efficiencies are t-t, others are t- 







Turbine Aerodynamic besign Tool Development 









Turbine Aerodynamic Desion Tool Development 



Zero Tip Clearance A Diameter/ Aann Variation 


Turbine Aerodynamic Design Tool Development 

Effect of tip clearance variation on Smith Chart* 



Diameter / Aann Variation 



Effect 
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Turbine Aerodynamic Design Tool Development 

MLFP Parametric Run Capability - Blade Stress Limitations 
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Turbine Aerodynamic besign Tool Development 

MLOb (Off - besign) Description 



Numerical output 
Flow path elevation 
Velocity Triangles 



Turbine Aerodynamic besign Tool Development 

MLOD (Off - Design) Description ~ Input Screen 
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Turbine Aerodynamic Design Tool Development 

MLOD (Off -Design) - Performance Prediction System 
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Incidence correction for secondary loss 

MIC 2 ASME 89-ST-284 (Modified) 

Leading edge shock 

Freeman/Cumpsty (Fan correlation) 

Unshrouded blade tip leakage 


Turbine Aerodynamic Design Tool Development 

Off-Design Prediction System Calibration Status 



Mean Velocity Ratio 




Turbine Aerodynamic Design Tool Development 

Meanline Design / Off-Design Summary 
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• Gas property verification 

• Loss System refinement 

• Off-Design Map Generation 


Turbine Aerodynamic besign Tool Development 

Airfoil Contour Generation and Analysis 



- Stators & turbine exit guide vanes 



Turbine Aerodynamic Design Tool Development 

Airfoil Contour Generator Description 



Initiate CFD run and retrieve / plot airfoil Ps distribution 


Turbin e Aerody namic Design T ool Development 

Airfoil Contour Generation Approach 






Beta 1 gas 44.000 

Beta 2 gas 68.940 

Rgas 53.350 

gama 1.4000 








Turbine Aerodynamic Design Tool Development 

Airfoil Generator Verification ~ Simulation of existing designs* 



Note: Red contours are actual airfoils 







Turbine Aerodynamic Design Tool Development 

Airfoil Generator - Alternate approach for supersonic blading 




Turbine Aerodynamic Design Tool Development 

Radial Fairing of Airfoil Contours - 3D CFD Coordinate File Generation 



1.28371 - 0.05228 1.18185 - 0.02811 1.07999 - 0.00394 0.98373 0.03221 0 88748 0.0684 






Turbine Aerodynamic Design Tool Development 








